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Microtremor method is the most inexpensive and convenient technique for dynamic site characterization of sedimentary basins. This 
study was carried out in Delhi NCR at 144 different stations and field measurements were taken using velocity sensors for a period of 
1 hr at each station point. The data was analyzed using VIEW 2002 software for the estimation of fundamental resonance frequency. 
The results of the all 144 stations were divided into four categories (T1, T2, T3, and T4) based on the shape of the H/V spectra, 
resonance frequency and soil type. Since the detailed (bore hole data) soil profile at all these locations is available, the resonance 
frequency is compared with sedimentary thickness. It is observed that the resonance frequency is high at ridge areas and very low in 





Microzonation of a region may be defined as subdivision of 
the region into smaller regions of micro zones such that any 
characteristics of interest may be considered to be reasonably 
over the micro zones. When such factors of characteristic are 
related to seismic activity, the process is called Seismic 
Microzonation. A qualitative and quantitative estimation of 
site effects is often expressed by the amplification factor and 
resonance/fundamental frequency. Resonance frequency of a 
soil media differs depending upon its physical nature and 
depth of the bedrock. The site response parameters can be 
used to distinguish regions where the seismic hazard will be 
high due to an earthquake of particular magnitude. It is 
observed that large concentration of damage in specific areas 
during an earthquake is due to site dependent factors related to 
surface geologic conditions and local soil altering seismic 
motion. Various studies have demonstrated the ability of 
geological and geotechnical conditions in altering the seismic 
motion. It has been reported that the damaging effects 
associated with soft deposits, may lead to local intensity 
increments as large as 2 to 3 degree in MM scale (Aki, 1998). 
Therefore, the site response and site characterization have 
become the most important tasks in the seismic hazard 
analysis.  
  
Nakamura (1996) carried out extensive microtremor studies 
and demonstrated its capability for site reference studies. He 
applied the technique at sites in Kanonomiya and Tabata, 
Japan and proposed that H/V ratio is a reliable estimation of 
site response of S wave, and providing reliable estimates of 
resonant frequency and the corresponding amplification. Aki 
(1998) reviewed the problems associated with the 
determination of frequency dependent site specific 
amplification factors using microtremors and identified the 
inability to separate source-effects from site effects as a major 
obstacle in effective use of microtremor method. Since the 
sources are likely to be different from different sites, it is 
difficult to determine even the relative amplifications. 
However, Bard (2000) reviewed the problems of site 
characterization based on microtremor studies, and concluded 
that the technique would be of immense help in providing time 
and cost effective method of response studies.  
 
There is no straight forward relation exists between the H/V 
peak amplitude and the site amplification. Toshinawa et al. 
(1997) gave an empirical relationship between observed H/V 
peaks amplitude and local intensity increment (MM scale) 
based on his experimental study. Comparison with other 
techniques by different investigators, shows that Nakamura 
technique allows obtaining, very simply, the fundamental 
resonant frequency. However, this Nakamura version of the 
microtremor method has already proved to be one of the most 
inexpensive and convenient techniques to reliably estimate 
fundamental frequencies of soft deposits.  
 
The microtremor study was done in Delhi, which is 
seismically active. The heavily populated city has number of 
man made structures could be prone to damage due to an 
earthquake of considerable magnitude (>6). Microtremor 
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method, which is cost and time effective, is very useful in 
urban areas with high noise level and gives stable response 
curves for site characterization and offers a scientific base for 
seismic microzonation. The aim of this study is to estimate 
resonance frequency using Nakamura method, a simple 
experimental technique based on microtremor recordings.  
 
 
NAKAMURA H/V RATIO METHOD 
 
Nakamura (1996) developed an experimental method, which 
is very widely used in site response studies. This method is 
based on the basic assumption that the effect of surface waves 
can be either eliminated or neglected such that the end result is 
in direct relationship with the transfer function for S-waves. 
Nakamura (1996) separated the ambient noise into body 
waves and surface waves as:  
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NHV is the H/V ratio at rock site,    β is the 





(f) and    AS is the horizontal to vertical ratio due to surface 





This method is based on the assumptions that the vertical 
component is not amplified at the fundamental frequency 
(fHO),  H/V ratio on rock is equal to 1 at   fHO , β is much 
smaller than one  at fHO and β AS  (fHO)  is also much smaller 
than HT(fHO). Kobayashi et al. (1996) measured microtremors 
in both arbitrary site and reference strong motion site in 
Mexico city. They concluded that the product of H/V ratio and 
the spectrum of the strong motion at the reference site can 
predict the strong motion at arbitrary site. Nakamura (1996) 
carried out extensive microtremor studies and demonstrated 
capability of the method for site response studies. He 
conducted the microtremor tests in Kanonomiya and Tabata, 
Japan and concluded that the H/V ratio provided reliable 
estimation of site response of S wave. The method also 
reliably estimates not only the resonant frequency but also the 
corresponding amplification of a site.  
 
Comparison with other experimental techniques by different 
investigators shows that the Nakamura method allows 
obtaining, very simply, the fundamental resonance frequency. 
Also, the method has proved to be one of the most inexpensive 
and convenient techniques to reliably estimate fundamental 
frequencies of soft deposits. This microtremor tests were 




FIELD TESTING PROGRAM 
 
It is clear that the microtremor method is useful for 
determining local site effects in seismically active regions 
such as Delhi, where ground motion records are few, and the 
noise levels are high due to urbanization. This study was done 
in Delhi NCR at 144 different stations and the measurements 
were taken using velocity sensors for a period of 1 hr at each 
station point. The locations of the test sites are shown in 
Figure 1. A differential GPS system provides the geographic 










The microtremor tests were carried out using MR2002-CE 
vibration monitoring system from SYSCOM, Switzerland, 
which ensures accurate, reliable vibration measurement and 
long term monitoring. The MR2002-CE is easy to handle and 
ready to use. The instrument has two main units i.e., one is 
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vibration sensor (MS2003+) with three sensitive geophones 
which picks up the ground vibrations, other one is the recorder 
(MR2002) in which all the data will get stored. The MR2003+ 
velocity sensor is highly sensitive with three orthogonal 
components that is two horizontal (H) and one vertical (V).  
Figure 2 shows the field set up of the microtremor equipment. 
First the sensor is placed on the ground and the mounting plate 
of the sensor is leveled using the screws. Then both are 
connected using a sensor cable and recorder is connected to 
the field laptop using communication cable. Recorder is 
switched on and WINCOM 2002 is started from the laptop to 
get access to the MR2002. A baseline correction will be 
performed which assures that the recorded signal is centered 
around zero even if the sensor is not 100% level. This 
correction has to be done before starting the recording at every 
site. 
 
The recorder records the ground vibrations continuously and 
creates different files of one minute each. The data is recorded 
continuously for one hour at each site creating 60 data files of 
one minute each of ambient vibration data. The background 
monitoring i.e., the table with the peak values has now 60 
entries corresponding to 1 hour monitoring. The recorded 
events can be viewed and transferred during the test. After the 
test all the 60 files (one hour recording) can be transferred to 
the laptop using the transfer option. The data recorded using 
this compact triaxial vibration monitoring equipment is 




Fig. 2.  Field Setup During the Microtremor Testing 
 
 
ANALYSIS OF THE DATA 
 
VIEW2002 is the data analysis software specifically 
developed for the MR2002-CE vibration recorder. It is a 
comprehensive, sophisticated and high performance signal 
processing program. In this study the horizontal versus vertical 
(H/V) spectra using Nakamura method is estimated using 
VIEW 2002 software. The signal of pure ambient ground 
noise that is free from spurious noise, man-made and cultural 
noise signals are selected.  All the 60 one minute files of a 
particular test site, which are recorded in a compressed format, 
are selected collectively and processed from the file group 
option. File group analysis is a very powerful tool to analyze  
large amount of data. The recorded signals are displayed as 
triplets (three orthogonal directions). Then the noise signals 
selected are smoothened for 20 to 25 times using moving 
average technique. A Fourier analysis, based on the H/V 
spectral ratio (Nakamura, 1989) was made for each data file. 
The microtremor recordings are transformed into the 
frequency domain using Fast Fourier Transform (FFT) and the 
horizontal spectrum [radial (X) and transverse (Y) component] 
is divided by the vertical spectrum. Similarly, the H/V 
amplification factors of soils were computed by dividing the 
spectra of radial and transverse components with the 
respective spectra of the rock site. The final plot of the 
program includes the H/V ratio and the H/V amplitude. For 
clear identification of peak frequency, spectra need to be 
smoothened. In the present study also smoothing was 
performed using moving average technique. The analysis was 




RESULTS AND DISCUSSION 
 
The H/V response curves obtained from the microtremor 
survey is exactly reflecting the geology and soil properties of 
the test location. That is Nakamura H/V curve at the locations 
with rock outcrops, gravelly deposits are having more or less 
flat curves with a very slight amplification and at the locations 
with high soil cover with loose soil deposits have a peak curve 
with high amplification at low frequencies.  
 
Depending on the shape of the response curve and the 
estimated resonance frequency all the sites are classified into 
four categories (T1, T2, T3 and T4). It is observed that in the 
locations falling in the Southern Delhi (T1 category) has very 
high resonance frequency (> 4.0 Hz) because of rock outcrop 
and presence of gravelly deposits. The shape of the T1 type 
response curves is almost flat where as the shapes of the T2, 
T3 and T4 curves has a very significant peak at 2.0 to 4.0 Hz, 
1.0-2.0 Hz and < 1.0 Hz respectively. The peak of the 
response spectra get shifted towards lower frequencies (left 
side) from T2 type to T4 type. That means it is high in the 
dense or gravelly strata and decreases with the soft 
sedimentary deposits.  
 
In the Eastern side of Delhi i.e., especially trans Yamuna 
region (Newer alluvium) with alternative layers of silty sand 
and sandy silt (low SPT values and high water table) have 
resonance frequency less than 1.0 Hz. The places located in 
the western and northwestern part of Delhi has resonance 
frequency greater than the frequencies in T4 type because of 
the presence of dense silty sands and sandy silty with clay 
seams (Older Alluvium). This classification can be used to 
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estimate the range of fundamental resonance frequency at any 
location with the known geotechnical and geological data. The  
Fig. 3. Predominant Frequency Map of Delhi 
 
o dimensional predominant frequency map of Delhi is 
hat is, in the locations like JNU Campus, Vasanth Kunj, 
he sites which are falling in northern side of Delhi like 
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